In order to estimate human exposure to pesticides from processed food, herein we employed highperformance liquid chromatography to investigate the effects of household processing on the content of acetamiprid and imidacloprid residues in French beans. The results showed that the pesticide residues decreased during cooking with degradation rates of 49%-57% during frying, 22%-32% during steaming, 81%-91% during boiling in an open pan, and 77%-85% during boiling in a closed pan. The residue levels in the soup obtained by boiling the French beans with water for 10 min in a covered pan ranged from 0.07 to 0.08 mg/L. Moreover, after stir-frying, the two kinds of pesticides degraded by 35%-38%, while microwave heating for 2 min led to 26%-36% degradation of the pesticides in the French beans. The results confirmed that cooking method, temperature, time, melting point of pesticides, vapor pressure and solubility in water all affected the final residues of acetamiprid and imidacloprid in food.
Introduction
The widespread use of pesticides in modern agricultural production has resulted in elevated risk of pesticide residues after harvest [1, 2, 3] . Therefore, recently, much attention has been drawn to the impact of pesticides on food safety [4, 5, 6] . Indeed, risk assessment of food supplies is imperative, irrespective of whether chemicals are added intentionally or accidentally. However, the theoretical maximum daily intake (TMDI), national estimated daily intake (NEDI), and national estimated short-term daily intake (NESDI), which are used in risk assessment, need a correction coefficient because pesticides may undergo chemical changes during cooking and processing [7, 8, 9] . Specifically, pesticides may be lost, or may accumulate or concentrate during cooking. Additionally, certain pesticides may be converted into toxic compounds during food processing [10, 11] . For these reasons, the Joint Meeting on Pesticide Residues (JMPR), an expert scientific group administered by the Food and Agriculture Organization of the United Nations (FAO) and the World Health Organization (WHO), meets regularly to review the effects of domestic food preparation processes on pesticide residues [12] .
Typical cooking processes include cleaning, peeling, steaming, drying, baking, pickling, frying, boiling, sterilizing, and fermenting. Processes such as cleaning and peeling often reduce the level of pesticide residues in food to a great extent [13, 14] . Similarly, high-temperature, steam, and microwave sterilisation processes can hydrolyse heat-sensitive pesticides, thus significantly reducing the amount of pesticide residues [15, 16] . However, drying and concentration are affected by factors such as volatilization of water in the food, thereby elevating the residual level of some pesticides [17, 18] . In addition, temperature and microbial action may trigger the conversion of pesticides into metabolites during food processing. For example, even though the sterilisation of tomato sauce at 121°C for 15 min can completely remove the maneb residues, 32% maneb translates into more toxic ethylenethiourea [19] .
Moreover, beans are vegetables rich in nutrition that are widely used and loved by consumers throughout the world [20] . French beans are especially widely cultivated and consumed in large quantities in China. Imidacloprid and acetamiprid are nicotinic insecticides widely used in world for vegetables such as beans [21, 22] , but the changes in these insecticides during cooking have not yet been reported. Normally, the cooking of French beans includes heating or boiling at high temperatures, where the pesticides attached to the vegetables may decompose or dissolve in the water; thus, the pesticide residues in the vegetable are reduced. In order to investigate this issue further, in this study, we focused on the influence of typical Chinese cooking methods on the contents of imidacloprid and acetamiprid residues in French beans.
The results of this work study are expected to provide a reliable basis for the assessment of pesticide risks in China.
Materials and Methods

Pesticide Spraying and Sample Preparation
Spraying treatments were carried out by the guideline for the testing of pesticide residue in crop (NY/T 788-2018, China) [23] . In order to ensure sufficient pesticide primary deposit for the flowing processing, we sprayed the sample by the special operator using recommended dosage [24] (300 g a.i./hm 2 of acetamiprid and imidacloprid).
French beans were randomly collected 1 hour after the application of acetamiprid and imidacloprid. Then the samples were transported under refrigerated conditions to the laboratory. The samples were divided into six parts. One part was used to evaluated the initial concentration of pesticides, the other parts were used to evaluated the effects of processing.
Household Processing [25]
2.2.1. Frying 120 g French beans were cut into 7-cm-long pieces and fried in oil at 220°C in a pan for 5 or 7 min, after which separate samples were withdrawn and analyzed.
Boiling
120 g French beans were cut into 7-cm pieces and placed in a pot with 2 kg of water at 100°C. The pot was covered with a lid and boiling was continued for 5 or 7 min. Then, the lid was removed and boiling was carried out for another 8 or 10 min. After the four different batches of beans were cooked, the amount of pesticides in each of the four samples was detected.
Stir-frying
25 mL soybean oil was placed in a frying pan and heated up to 220°C. Then, 500 g French beans cut into small pieces (7 cm) were added to the pot and stir-fried for 6 min, after which 20 mL boiling water (100°C) was added. The pan was covered with the lid, and cooking was continued for 5 min, after which the amount of pesticides in the sample was detected.
Microwave Heating
Stir-fried French beans were allowed to cool down to 18°C, after which 200 g of the sample was transferred to a microwave oven and heated at 1500 W for 2 min.
Steaming
120 g French beans were placed on a wire rack in a large steamer, which was then placed in boiling water and steamed for 10 or 15 min.
The residues of acetamiprid and imidacloprid in French bean were detected after each experiment. There are three replicates in each treatment.
Analysis of Pesticide Residues
Sample Pretreatment
10 g of homogenized sample was placed in a 250-mL beaker, and 50 mL methanol was added. Then, the sample was allowed to soak in methanol for 30 min, followed by homogenization for 1 min (9000 r/min). The samples were vacuum-filtered, the residue was washed with 25 mL methanol, and additional 15 mL methanol were used to flush out the suction flask. Then, the filtrate was placed in a 500-mL separating funnel, after which 80 mL of a 5% aqueous NaCl solution and 50 mL petroleum ether were added, and the funnel was shaken for 1 min. The aqueous phase was separated and placed in a beaker. To the petroleum ether phase in the separating funnel, 5% NaCl solution (20 mL) were added, and the solution shaken for 1 min. The organic phase was then discarded, while the aqueous phases were combined, transferred into a separating funnel, and extracted with dichloromethane (2×30 mL, 1×20mL). The organic phase was subsequently dehydrated by filtering through a bed of anhydrous sodium sulfate in a 250-mL Erlenmeyer flask, and evaporated to dryness.
To a glass column with 1.0 cm inner diameter, 1.0 g of silica gel containing 1.5% water was loaded with petroleum ether, and anhydrous sodium sulfate was loaded to a height of 2.0 cm. Then, 2 mL of a petroleum ether/ethyl acetate (3:7, v/v) mixture was added to the Erlenmeyer flask, and ultrasonic vibration was applied for complete dissolution of the dried sample. After that, 2 mL of the sample solution was added to the silica gel column and the sample eluted using 10 mL petroleum ether and ethyl acetate (3:7, v/v) was discarded. Finally, the desired sample was eluted with 10 mL petroleum ether/ethyl acetate (1:9, v/v), dried using nitrogen gas, dissolved in 3 mL acetonitrile/water (3:7, v/v), and then analyzed by High Performance Liquid Chromatography (HPLC, Waters 2695 America Milford Massachusetts).
HPLC Analysis
The final pesticide residues of French bean and the soup were detected by liquid chromatography. Detection conditions: mobile phase: acetonitrile/water (3:7, v/v); detection wavelength: 270 and 239 nm; flow rate: 0.800 mL/min; sample injection volume: 20 μL.
Recovery Rates of Pesticides
The quality control recovery tests were conducted on the French bean. The sample was spiked at three levels: 0.05, 0.1, or 1 mg/kg. Subsequent extraction, purification, and detection, carried out according to the abovementioned analysis method, allowed for the recovery rates of acetamiprid and imidacloprid in French beans to be obtained.
The formula for calculating the degradation rate of pesticides during food processing by various cooking methods is presented below:
( )
Degradation rate % Value before cooking Value after cooking .
Value before cooking − = Note: value is the concentration of pesticides in French beans.
Statistical Analysis
All statistical analyses were performed with SPSS 2.0 Software. Significant differences between uncooked french bean and treatment samples were determined by the One Way Analysis of Variance (ANOVA) test.
Results
Validation of the Methods
According to the guideline (NY/T 788-2018, China), the different levels of recovery experiments were carried out to ensure the reliability and validity of the analytical methods.
As a result, the mean recovery of acetamiprid in the sample was found to be 81%-91%, with a relative standard deviation of 3.5%-11.7%. The corresponding values for imidacloprid were 78%-93% and 4.2%-12.3%. Notably, both of these experimental values met the criteria for pesticide residue analysis (NY/T 788-2018, China). In this method, the minimum detection limit of acetamiprid and imidacloprid was 0.01 mg/kg.
Effects of Different Cooking Methods on the Amount of Imidacloprid and Acetamiprid Residues in French Beans
The results showed that all household processing can significantly remove the imidacloprid residue (Figure 1) . It also showed that the more efficient removal of imidacloprid from french bean by boiling with lid or without lid The less efficient removal of imidacloprid residue from french bean by steaming (10 min). There were no difference between the boiling without lid (8 min) and boiling with lid (10 min) on removing the residue of imidacloprid; the residue was reduced by 81.9% and 80% respectively. Stir-frying and steaming (15 min) has the same effect on removing imidacloprid; the residue was reduced by 35.2% and 32.4% respectively. Compared with original value, there were significant reduction of acetamiprid after different treatments (Figure 2 ). The residue of acetamiprid after boiling 10 min without lid were reduced by 90.5%. Boiling 8 min without lid reduced acetamiprid residue by 85.3%. The reduction levels for acetamiprid were 84.2% with boiling with lid (10 min); 81.1% with boiling with lid (8 min); 56.8% with steaming (15 min) and frying (7 min); 49.5% with frying (5 min); 46.3% with steaming (10 min), and stir-frying, respectively.
Boiling can significant reduce the residue the french bean (Figure 3 ). It shows that the residue in french bean is more than residue in soup after boiling. The amount of residue including french bean and soup after boiling is less than original value.
Microwave heating also can reduce the residue in french bean after frying. The reduction levels for imidacloprid and acetamiprid were 26.8% and 35.4% (Table 1) . 
Discussion
In present study, acetamiprid and imidacloprid in bean were degraded after household processing. Boiling without lid (10 min) is the most effective method for removing the imidacloprid and acetamiprid. Among all Household processing, stir-fried beans have the lowest degradation rate of pesticides.
The temperature during frying on a low heat was about 180°C, while the melting points of acetamiprid and imidacloprid are much lower: 103.3°C and 143.8°C, respectively [26] . Therefore, during frying, these pesticides undergo significant amount of degradation (49%-57%). A previous study also found that the residues of chlorpyrifos in catfish are significantly lower after frying than in fresh fish slices [27] .
During stir-frying, the initial oil temperature was about 180°C, which could increase to 220°C upon cooking on a high heat. The French beans were first stir-fried for 6 min, after which boiling water was added and they were cooked for another 10 min. The temperature used in the overall stir-frying process was lower than that during frying, so the degradation rate of the pesticides was lower (35%-38%) in the former case. Tan et al [28] showed that the level of methamidophos residue in the vegetable core decreased by about 70% after stir-frying and that frying could remove 86.6% of chlorpyrifos, 67.5% of pp-DDT, 84.7% of cypermethrin, and 84.8% of chlorothalonil in cabbage.
During steaming of the French beans, the pressure in the pot was higher than the atmospheric pressure because there was no hole in the lid. Previously, Shoeibi et al [29] reported that the amounts of carbaryl, propoxur, and pirimicarb residues in rice decreased significantly during steam-cooking, possibly due to the steam pressure and boiling points. Therefore, the higher degradation rate of acetamiprid compared to imidacloprid obtained in this study was attributed to the higher vapor pressure of the former. The experimental results revealed 46%-57% loss of acetamiprid and 22%-32% loss of imidacloprid.
Interestingly, the losses of acetamiprid and imidacloprid were more significant during boiling in an open pan (without the lid) than in a closed pan (with the lid), possibly because of the aforementioned effect of the steam. Acetamiprid and imidacloprid degraded by 81%-91% and 77%-84% during boiling in closed and open pans, respectively. Soliman [30] found that during cooking of potatoes, 47.3% dimethoate, 46.3% malathion, and 45.9% pirimiphos methyl were removed. Reportedly, the influence of cooking on pesticide residues is affected by the cooking time, temperature, water loss, and cooking environment (open/closed), as well as the thermal stability, boiling point, saturated vapor pressure, and Kow value of the pesticides [31] .
Since fried oil is usually not consumed directly, the concentration of pesticides in the oil after cooking was not determined in this study. However, because of the Chinese tradition of eating cooked soup, it was necessary to determine the French bean concentration and examine the amount of pesticides after preparing a soup of French beans. Because the water quantity in the pot was far greater than the amount of French beans, the concentration of pesticides in the soup was much lower than that in the beans, with the acetamiprid and imidacloprid contents in the soup being 0.07 and 0.08 mg/kg, respectively.
Generally, microwaves are non-ionized high-frequency electromagnetic waves. Microwave heating is based on the change in the microwave energy field, which causes friction heat due to the reciprocating motion of the food molecules [32] . In this study, microwaving French beans was found to cause 26.8%-35.4% elimination for both acetamiprid and imidacloprid. Zhang et al [33] studied the changes in the levels of cyfluthrin, α-cypermethrin, fenvalerate, and deltamethrin in beans after microwave heating, and obtained a depletion rate after heating for 2 min of 22.1%-42.5%. However, further research is necessary in order to fully understand how the pesticide levels in French beans change in this energy field.
This study examined the influence of important cooking processes such as frying, stir-frying, boiling, and steaming on pesticide residues in French beans, and the role of various factors, including the physical and chemical properties of the pesticides, cooking time and temperature, loss of water, and cooking environment (open/closed). The results showed that steaming, cooking, frying, stirfrying, and microwaving can reduce the amount of pesticide residues notably, but acetamiprid and imidacloprid may be converted into other metabolites upon heating. However, the changes in the pesticide metabolites during cooking should be further investigated in detail. Unfortunately, the risk assessment of food safety in China started relatively late and is not widely applied to food processing at present. Nonetheless, in the future, the effect of processing on agricultural residues such as pesticides should be fully considered in the risk assessment of processed food.
